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SUMMARY  
Determination of the solubility of K32 in purified water was carried out.  The study was 
performed following EPA OPPTS Test Guidelines 830.7840 and OECD TGL.105.  K32 is a 
multiple component substance.  The preliminary test of K32 (9.9 mg) in purified water (1 L) 
showed there were undissolved parts of K32 in water, indicating the water solubility of K32 at 
ambient temperature was < 10 mg/L.  As the water solubility of K32 could not be determined 
from the preliminary test, 50 mg/L of K32 in purified water (5x the guideline requirement of the 
lowest testing concentration (10 mg/L) for the preliminary test) in triplicate was prepared for the 
definitive shake flask method.  ICP-AES analysis of the samples from the definitive test showed 
the phosphorus content to be 4.4 ± 0.5 µg/mL (n = 3), which is equivalent to 71 ± 9% (n = 3) of 
the phosphorus in K32 added to the water (6.2 µg/mL).  The stability of K32 components at the 
test conditions is demonstrated though HPLC analysis of a K32 sample in acetonitrile-HPLC 
water (1:1) at Time 0 and after 96 hours at 30 °C.  In conclusion, many components in K32 are 
soluble and stable in water, although not all components are water soluble. 
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RETENTION OF DATA 
Upon completion of the study, the complete study file, including all original raw data, 
protocol, and final report, will be submitted to the Ricerca Biosciences, LLC archives. All 
non-study-specific raw data (e.g., instrument logs) are archived at Ricerca Biosciences, LLC. 
CONDUCT OF THE STUDY 
The study was conducted at the Ricerca Biosciences, LLC AgChem Product Development 
Department Laboratories according to the Ricerca Biosciences, LLC protocol “Determination 
of Water Solubility of K32” (Ricerca document number 035239-0), located in Appendix A. 

Personnel involved with the study were: 

Ling-Jen Ferguson Scientist 
Richard L. Shea Associate Scientist I 
Kenneth Furlong Associate Scientist III 

INTRODUCTION 
PURPOSE AND OBJECTIVES 
The purpose of this study was to determine the water solubility of K32. 

MATERIALS AND METHODS 
TEST SUBSTANCE 
• K32 

Composition: Reaction products of NBPT with urea and 
formaldehyde 

Batch/Lot Number: 55700-30-13 

Analyzed Concentration: NBPT 20.04 wt%; 
Reaction product mixtures ~80 wt% 

% Phosphorus Content 12.4% 
Manufactured by: Ricerca Biosciences 
Date of manufacture: July 20, 2016 
Appearance: Off-white to pale yellow gel 
Storage: Refrigerated 

K32 (Lot No. 55700-30-13) was synthesized by Ricerca (Study No. 034689).  GLP 
characterization of K32 was performed under Ricerca Study No. 035469.  A certificate of 
analysis (CoA) of K32 from Ricerca Study No. 035469 is included in Appendix B. 

STUDY OVERVIEW 
If no literature value or previous data is available, a preliminary test to estimate the solubility 
should be conducted.  In the preliminary test, the water solubility of the material at ambient 
temperature is determined by visually inspecting for any undissolved parts of the material in 
water.  If the sample remains undissolved, an increasing volume of water will be added.  
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Dilutions will be continued until it is documented that the estimated solubility is <10-2 g/L 
(< 10 mg/L).   

In the definitive study (shake flask method), the material is dissolved in water at a 
temperature (30 ˚C) somewhat above the test temperature (20 °C).  When saturation is 
achieved, the mixture is cooled and kept at the test temperature to reach equilibrium. The 
mass concentration of the substance in the aqueous solution is determined.  The quantity of 
the material necessary to saturate the desired volume of water is estimated from the 
preliminary test.  About 5x the quantity of material determined in the preliminary test is 
weighed into three glass vessels.  The closed vessels are then agitated at 30 °C using a 
shaking device.  After 1 day, one of the vessels is removed and re-equilibrated for 24 hours at 
the test temperature (20 °C) with occasional agitation.  The contents of the vessel are then 
centrifuged at the test temperature (20 °C), and the concentration of the material in the clear 
aqueous phase is determined.  The other two flasks are treated similarly after initial 
equilibration at 30 °C for 2 and 3 days, respectively.  The concentration results from at least 
the last two vessels should not differ by more than 15%.   

REAGENTS 
• Water: RICCA Chemical (Arlington, TX) ASTM Type I, ASTM Type II, Double Distilled, ACS 

Reagent Grade, Cat. No.9150-1, Lot#: 4608H62 Exp.: 2/2018 (referred as “purified water” in 
this report) 

• Water: Fisher, HPLC Grade (referred as “HPLC water” in this report) 
• Water: House Deionized Water (referred as “deionized water” in this report) 
• Acetonitrile: Sigma Aldrich, HPLC Grade 
• 1000 µg/mL NIST-traceable P std reference solution (CPI 4400-1000391) 

EQUIPMENT 
• Analytical Balance  
• Centrifuge: Sorvall Legend X1R (the temperature set at 20 ˚C) 
• Incubator/shaker maintained at 30 ˚C 
• Environmental chamber maintained at 20 ˚C 
• Perkin Elmer Optima 3000 Dual-View Inductively Coupled Plasma-Atomic Emission 

Spectrometer (ICP-AES) 
• PerkinElmer HPLC 200 series 
• Standard glass lab ware (flask, graduated cylinders, etc.) 

PRELIMINARY TEST 
The quantity of the test substance necessary to saturate the desired volume of water was 
estimated from the preliminary test.  A preliminary test was conducted by mixing a known 
amount of K32 (9.9 mg) with 1 L of purified water at ambient temperature for 5 days with 
occasional shaking.   
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DEFINITIVE TEST (SHAKE FLASK METHOD) 
Approximately 10-mg aliquots of K32 were weighed into three separate 250 mL glass bottles 
and ~200 mL each of purified water was added (i.e. 50 mg/L water).  The actual K32 weights 
and water volume are shown in the table below.  The samples were agitated at 30 ˚C 
(i.e. magnetic stirring in an incubator set at 30 ˚C).  

Sample K32 Weight (mg) Purified Water (mL) 
Water Solubility Day 1 10.3 206 
Water Solubility Day 2 10.0 200 
Water Solubility Day3 10.9 218 

 

At time points of 24, 48, and 72 hours, one sample each was removed from 
incubation/stirring at 30˚C and then stored at 20 ˚C for 24 hours with occasionally shaking.  

After equilibrating for 24 hours at 20 ˚C, an aliquot from each sample was placed in a glass 
centrifuge tube and centrifuged at 2400 rpm, 20 ˚C for 10 min.  After centrifugation, an 
aliquot of the clear aqueous phase was placed in a glass vial for ICP-AES analysis to 
determine phosphorus content.  pH values of each sample were measured using a pH 
indicator strip (colorpHast EMD cat. 9582, pH 4.0-7.0) and recorded.  

STABILITY AT TEST CONDITIONS 
K32 (10.6 mg) was weighed into a 125-mL glass bottle and 19.3 mL of acetonitrile-HPLC 
water (1:1, v:v) was added (i.e. 0.55 mg/mL).  The sample was sonicated for 5 min and 
analyzed by HPLC-UV.  The sample was then agitated at 30˚C (i.e. magnetic stirring in an 
incubator set at 30 ˚C) for 4 days (96 hours).  After 96 hours, the sample was removed from 
incubation/stirring at 30 ˚C and then stored at 20 ˚C for 24 hours with occasionally shaking.  
After equilibrating for 24 hours at 20 ˚C, the sample was analyzed by HPLC-UV.   

ANALYTICAL METHODOLOGY 
ICP-AES Analysis 
ICP-AES using an external standard methodology was employed to evaluate the 
phosphorus (P) contents in the test solutions.   

Preparation of Samples 
Samples were analyzed as received without further preparation. 

Preparation of Calibration Standards 
Calibration standards containing 0, 10, 20, and 30 µg/mL of P in deionized water were 
prepared by pipetting 0, 1.00, 2.00, and 3.00 mL of a 1000 µg/mL NIST-traceable P std 
reference solution (CPI 4400-1000391, lot 15C024, exp. 11/22/16) to four 100-mL 
volumetric flasks and house deionized water was added to volume. 
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Sample Analysis 
Samples were analyzed against the calibration curves on the Perkin Elmer Optima 8300 
Dual-View Inductively Coupled Plasma-Atomic Emission Spectrometer (ICP-AES).  The 
samples and calibration standards were analyzed in “radial” mode, three replicates.  
Three independent wavelengths (213.617 nm, 214.914 nm, and 178.221 nm) were 
evaluated.  

HPLC-UV System 
HPLC:PerkinElmer HPLC 200 series 
 Column: Restek Ultra C18 3 µm 4.6 x 150 mm 
 Column Temp: Ambient 
 Flow Rate: 1 mL/min 
 Injection Volume: 20 µL (in acetonitrile-HPLC water (1:1)) 
 UV Detection: 214 nm (1.0000 AUFS) 
 Run Time: 43 minutes  
 Mobile Phase A: HPLC water 
 Mobile Phase B: acetonitrile 
 Autosampler Flush: methanol 
 Solvent Gradient:  

Time (minutes) Flow rate 
(mL/minute) % A % B 

0 1 87 13 
8 1 87 13 
30 1 30 70 
31 1 87 13 
43 1 87 13 
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RESULTS 
DEFINITION AND UNITS 
The solubility in water is specified by the saturation mass concentration of the substance in 
water, and is a function of temperature.  Solubility is specified in units of mass per volume of 
solution, and is reported as miligrams per litre (mg/L), which is equivalent to µg/mL.  

PRELIMINARY TEST 
The quantity of the test substance (K32) necessary to saturate the desired volume of water for 
the definitive shake flask method is estimated from the preliminary test.  In the preliminary 
test, the water solubility of a material at ambient temperature is determined by visually 
inspecting for any undissolved parts of the material in water.  A preliminary test was 
conducted by placing a known mass of K32 (9.9 mg) in 1 L of purified water for at ambient 
temperature 5 days with occasional shaking.  In the preliminary test, it was determined that 
K32 was not totally soluble in water at the concentration of 9.9 mg/L after 120 hours at 
ambient temperature.  Therefore, the water solubility of K32 at ambient temperature is 
< 10 mg/L.   

DEFINITIVE TEST (SHAKE FLASK METHOD) 
The preliminary test indicated K32 was not totally soluble in water at the concentration of 
9.9 mg/L.  As the water solubility of K32 could not be determined from the preliminary test, 
50 mg/L of K32 in purified water (5x the guideline requirement of the lowest testing 
concentration (10 mg/L) for the preliminary test) in triplicate was prepared for the definitive 
shake flask method.  The three samples were agitated at 30 °C and removed from the 30 °C 
incubator after 24, 48, and 72 hours.  Following equilibration at 20 °C for 24 hours, the 
samples were analyzed by ICP-AES and the pH values determined.   

The ICP-AES was calibrated with P std reference solutions at three wavelengths 
(213.617 nm, 214.914 nm, and 178.221 nm) and the result is shown in Table 1.  The detector 
calibration was found to be linear over the range 10 to 30 µg/mL of P in deionized water. 

Table 1: ICP-AES Calibration Result 

Wavelength 
(nm) 

Correlation 
coefficient 

LOQ 
(µg/mL) 

10 µg/mL 
std 

213.617 0.999999 0.4 9.972 
214.914 0.999997 0.4 9.893 
178.221 1.000000 0.5 9.936 

Based on the evaluation, all three wavelengths were appropriate for analysis and the reported 
sample analysis results in Table 2 are the average values from all three wavelengths.  The 
average phosphorus content in 24 hr, 48 hr, and 72 hr samples is 4.4 ± 0.5 µg/mL (n = 3), 
which is equivalent to 71 ± 9% (n = 3) of the phosphorus in K32 added to the water 
(6.2 µg/mL).  The amount of phosphorus introduced is equivalent to 50 mg/L (or µg/mL) x 
12.4% (the phosphorus content of K32 is 12.4%, see CoA in Appendix B).   
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Table 2: Phosphorus Content of Test Solutions 

Solvent Test 
Substance 

Phosphorus content 
measured by ICP 

(µg/mL) 

Phosphorus 
Introduced 
(µg/mL)* 

% Phosphorus 
Soluble in 

Water 
Water (Day 1) K32 4.6 6.2 74 
Water (Day 2) K32 4.8 6.2 77 
Water (Day 3) K32 3.8 6.2 61 
Average ± Standard Deviation 4.4 ± 0.5  71 ± 9 

Day 1, Day 2 and Day 3 correspond to 24 hr, 48 hr and 72 hr samples, respectively. 
*K32 introduced: 50 mg/L, so phosphorus introduced: 50 mg/L x 12.4% = 6.2 mg/L (or µg/mL) 

Table 3 shows the pH measurement of the three samples using pH indicator strips.   

Table 3: pH of Test Solutions 

Solvent Test Substance pH 
Water (Day 1) K32 4.7 
Water (Day 2) K32 4.7 
Water (Day 3) K32 4.7 

Day 1, Day 2 and Day 3 correspond to 24 hr, 48 hr and 72 hr samples, respectively. 
The pH was measured using pH indicator strips (EMD ColorpHast cat. 9582 pH 4.0-7.0). 

STABILITY AT TEST CONDITIONS 
K32 in acetonitrile-HPLC water (1:1, v:v) at the concentration of 0.55 mg/mL was prepared 
for stability assessment by HPLC-UV.  The sample preparation and the HPLC method 
followed the procedure described in Ricerca Study No. 034689.  The stability sample was 
analyzed by HPLC-UV before placed in a 30 °C incubator (Time 0).  The sample was then 
agitated at 30 °C and removed from the 30 °C incubator after 96 hours.  Following 
equilibration at 20 °C for 24 hours, the sample was analyzed by HPLC-UV.  The HPLC 
chromatograms are shown in Figure 1 and the peak area % (total area normalization) is 
summarized in Table 4.  The results demonstrate stability of K32 components at the test 
conditions.   

Table 4: Stability of K32 at Test Conditions: Percentages of K32  
Components at Time 0 and after 96 h at 30 °C 

HPLC Retention 
Time (min) 

HPLC Area % 
Time 0 30 °C, 96 h 

6.46 1.40 1.39 
6.83 3.56 3.08 

10.29 0.99 0.94 
10.79 16.58 14.94 
11.56 39.23 40.32 

~22-33 38.24 39.35 
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CONCLUSION 
Determination of the solubility of K32, a multiple component substance, in purified water was 
carried out.  The preliminary test of K32 (9.9 mg) in purified water (1 L) showed there were 
undissolved parts of K32 in water, indicating the water solubility of K32 at ambient temperature 
was < 10 mg/L.  As the water solubility of K32 could not be determined from the preliminary 
test, 50 mg/L of K32 in purified water (5x the guideline requirement of the lowest testing 
concentration (10 mg/L) for the preliminary test) in triplicate was prepared for the definitive 
shake flask method.  ICP-AES analysis of the samples from the definitive test showed the 
phosphorus content to be 4.4 ± 0.5 µg/mL (n = 3), which is equivalent to 71 ± 9% (n = 3) of the 
phosphorus in K32 added to the water (6.2 µg/mL).  The stability of K32 components at the test 
conditions is demonstrated though HPLC analysis of a K32 sample in acetonitrile-HPLC water 
(1:1) at Time 0 and after 96 hours at 30 °C.  In conclusion, many components in K32 are soluble 
and stable in water, although not all components are water soluble. 
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Figure 1: Stability of K32 at Test Conditions: HPLC Analysis of 0.55 mg/mL of K32 in 
ACN-HPLC Water (1:1) at Time 0 and after 96 h at 30 °C 

HPLC run: Proj035239\10-27-16\01-uv-003 
K32 0.55 mg/mL ACN-HPLC water (1:1) pre-test 
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The peak at ~19 min was also present in the blank run. 

 
HPLC run: Proj035239\11-1-16\01-uv-003 
K32 0.55 mg/mL ACN-HPLC water (1:1) 30C 96h 
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Protocol 
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APPENDIX B 

K32 Certificate of Analysis 
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